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ERROR PROFILE FOR MULTIPLE-FRAME SURVEYS

Norman D. Beller*

INTRODUCTION

Ideally, a user of statistical data would have a measure of the total error aris-
ing from the statistical process; this rarely happens because samplers seldom, 1if ever,
know the true value of the population from which the data are collected.

The total error generally comes from two sources. The first major source is the
error that arises due to sampling---the process of measuring only a portion of a pop-
ulation and drawing inferences to the total population. The second source of error
generally is referred to as nonsampling error and includes errors rising from an in-
sufficient frame, a biased sampling procedure, the data collection procedure, the
questionnaires, and the estimation procedure. Only a measure of the sampling error is
provided in most sampling situations, rather than a measure of total error. Measures
of nonsampling error components are not obtained in the bulk of the instances where
sampling or a census is required, primarily due to the additional costs.

The preceding situation leads to a statistical paradox from a sampler's point of
view. The total error is unknown and the sampler has at his or her disposal only the
sampling error which may be somewhat controlled. One normally may assume that the
primary purpose of sampling is to obtain needed information about the target popula-
tion by measuring only a portion of the population due to costs, the destructive
nature of sampling, or population characteristics changing rapidly over time. The in-
formation is to be obtained and estimated with a minimum sampling error, given
appropriate cost restraints. Thus, a sampling statistician's goal in any survey, and
probably moreover in a repetitive than in a single-time survey, is to minimize varia-
tion within cost restraints. Generally, the impact of the standard error minimization
process results in a more complex survey design, questionnaire, and/or estimation
procedure. These added complications can create situations that may increase nonsam-
pling error. The paradox is that continued efforts to decrease sampling error
(improve precision) often involve greater complications that increase the nonsampling
error (decrease accuracy) which, in turn, may result in a greater total error.

Most error profiles will discuss the potential sources of nonsampling error.
This paper concentrates on those errors where Economics, Statistics, and Cooperatives
Service (ESCS) research has attempted either to identify or to measure a particular
source of error. The bulk of the research effort has been directed to the multiple~
frame hog and cattle surveys.

This report will show that there are several sources of nonsampling error in
these surveys. These sources include failure to associate properly reporting unit and
sampling unit, and failure to communicate clearly and concisely via the questionnaire,
domain determination, estimation, and nonresponse.

*The author is chief of the Sample Survey Research Branch, with the Statistical
Research Division of the Economics, Statistics, and Cooperatives Service, U.S.
Department of Agriculture.



SAMPLTNG FRAMES

Two or more sampling Irames are utilized in multiple-trame estimation. An area
sampling frame is used witii one or more list frames in the ESCS application. The area
frame used by ESCS is all the land in the continental Unit.d States. All the land
area has been classified bv uzeneral land-use patterns. This classification is then
used for stratification. The minimum stratification involves classifving land for
high intensity agricultur.al use, medium intensitv agricultiral use, rangeland and
woodland, cities, and towns. The sampling unit from the qrea frame is a given land
area and is called a sample seyment.

The area frame has the major advantages of beiny conplete and current. Tt is
generally easy to associatc a sampling unit and a revort:n unit. The major disadvan-
tages are that it is not c¢f!icient for rare items that cannnt he controlled by
stratification, and is gencrallv more costly than list thames in terms of data collec-
tion. The list frame for auriculture is a listing ! names and addresses that are
thought to be associated with agriculture.

In most applications, the sampling unit is a name and address, and the reporting
unit is a farm that can be associated uniquely with o naw ¢ and address. A major ad-
vantage of a list frame i that it is gencrally more efficient than an area frame,
given one has adequate measures of size. A list frame with no or verv poor measures

of size provides minimal .ains in efficiencv over an ares rame. Major disadvantages
of a list frame are that it is rarely complete and deterio -ates over time. 1t is also
difficult to associate sampling and reporting units correc-lv. This difficulty fre-

quently derives from an inadequate questionnaire or the da..a collection method used
for part or all of the sample.

Unless one is unique!l™ able to make the necessarv acwociation so that the values

of the characteristics for vach sampling unit are accurately determined, unbiased
results are not likelv even taiough there is a random selocetinn of sampling units,

AREA-FRAME ESTIMATITON

Estimation from an arca frame is a rather simple provess. 1t expands the sam-
pling unit (segment) totals v the reciprocal of the protabilitv of selection. Ratio
estimation is used infrequentlv because there is seldom - wasure of the population

mean corresponding to the variables that will succeed in rioducing the overall vari-
ance. Also, ratio estimation is seldom used in a double sampling sense, not only
because of the low correlatinis but because of the variire. normallv associated with
the auxiliary variable. TDouble sampling to extend the bose is an expensive procedure;
consequently, the use of ruti» estimation is limited.

Reported data must be associated with the sampling n t by a predescribed concept
in all sample estimation pruoccodures. This association can he achieved in three basic
ways when dealing with the area frame estimates. The coucept of the closed segment
centers on the land area ! the segment; thus, the rceported data must be associated
with the land area insidc tlie segment. This association commonly is accomplished by
accounting for all agriculturil activities within the scovent houndaries at a given
time.

The closed segment concent is quite effective for 1t bulk of items collected in
agricultural surveys that are highly associated with lanu .rea, such as acreage,
cropland, and land use by specific types of crops. On the other hand, the closed seg-
ment may not be an appropriatz concept for characteristics that must be associated
with farms rather than with lind area, such as the numbut :7 people who reside on farms.
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Another estimator has been developed based on applying the closed segment concept
to residences. This estimator is generally called the open-segment approach. The
open-segment concept associates the farm uniquely with a residence. If the farm re-
sidence is located within the boundaries of the segment, then the entire farm is
associated with that segment; hence, the headquarters rule.

The open-segment estimator, using the headquarters rule, generally has a larger
variance than estimators obtained using the closed approach., If the farm is located
in more than one sampling unit, theoretically its probability of selection in an area
sample depends upon the number of sampling units over which it extends. 1In applica-
tion, the number of sampling units over which a farm extends is unknown and generally
impractical to determine. There are, however, estimation procedures that may be used
to reduce the variance of items that must be associated with a farm while using the
open-segment concept. One such procedure associates with each segment that fraction
of the total farm contained within the segment boundaries when it is located in more
than one segment. The fraction of the farm associated with the segment is proportion~—
al to the acreage of the farm located within each segment. This estimator (weighted
segment) is unbiased, given that the expected values of the two land variables for a
particular farm are measured without error. If the land variables are not measured
without error, either the variance is understated or the estimator may no longer be
unbiased.

MULTIPLE-FRAME ESTIMATION

Multiple-frame estimation, again, implies the use of two or more sampling frames.
The procedure allows greater coverage of the target population if no single complete
frame exists. The procedure may also create a substantial amount of duplication of
the target population between frames. Multiple-frame estimation provides greater
efficiency if one can use less expensive data collection procedures on at least one of
the frames. ESCS surveys generally use an incomplete list frame in combination with a
complete area frame. The major objective for this multiple-frame estimation is effi-
ciency, or a lower sampling error for a given level of cost. The following figure
depicts the process of the theoretical development of multiple-frame sampling by
Hartley (13). 1/

Figure 1: Two overlapping frames

Domain Domain Domain

a ab b

Frame A Frame B

1/ Underscored numbers in parentheses refer to literature listed in the references
at the end of this report.



Consider frame A the area frame; thus, domain b is the mill or emptv set bv definition.
Given simple random samples size ny from frame A and np from frame B, Hartlev's esti-
mator is as follows:

- NA NB
T —— 4 - - -+
(1) g = Wy tev 0 # o Gy +a vy s
a
with p and q constants such that p + q = 1. Since domain b is the null set, however:
. Na NB
=8 + : + — /
(2) Vg =5 Oy tov )t ey )
a b
rewriting:
. Na Nl NB
= = + ! ; + —
(3) yH n y P n (\ab) q n (Vba)
a a b
where Ya is a sample total obtained from those units in domain a. Domain a is called
the nonoverlap domain and represents those units in the area frame that are not con-—
tained on the list frame. The area estimate (yab) from thit portion of the target

population covered by the list frame is called the area «vorlap domain. The estimated
total (yba) is from the list frame for domain ab; it provides a second independent
estimate of those elements common to both frames. Note that Vap, and vy, are estimates
for the same portion of the target population.

By setting p = 0 and q = I, the following estimator, pgenerally called a screening
estimator, is obtained:

- Na NH
= — +q — (v, ).
% n_ Ja 90 (’ba) (4)
a b
The screening estimator commcnly is used when the value f p is expected to be quite
small due to the costs of resulting variances being larvge in domain ab.

THE SURVEY DESIGN

The survey design for the multiple-frame estimator for hogs and cattle relies
heavily on the ESCS June Enumerative Survey which is bascd upon the area-frame and
conducted in late May. The area frame has been stratiticd Sv land use prior tou sam-—
pling and has a total sample size of approximately 16,000 segments. The June
Enumerative Survey provides estimates for major items at the State level with coeffi-
cients of variation from 3 to 12 percent. Large deviati ns f{rom the segment mean have
substantial impact on the sampling error in actual practice.



Lists of the largest operators (extreme operator lists) of both cattle and hogs
have been developed and used in conjunction with the June Enumerative Survey in an
effort to reduce the sampling error. Thus, no true area-frame estimates generated for
hogs and cattle exist because the use of the extreme operator lists (lists of the
largest producers) generates a multiple-frame estimator. However, only an area-frame
estimate is generated for the balance of the survey items. Each State in the multiple-
frame program of estimates has developed a list of farm operators other than
extreme operators with control data for the number of hogs and cattle.

Generally, an attempt is made to have the list frames cover as much of the popu-
lation of all farmers as possible. The list frame is formed into 5 to 10 strata for
each species based upon a control variable. The sample size is approximately 1,900
farm operators per species for each State. The list of operators found in the area-
frame sample is name-matched against the entire list frame after the June Enumerative
Survey has been completed. The area-frame respondents that matched are classified as
overlap (domain ab), and those that did not match are classified as nonoverlap (domain
a). The multiple-frame hog survey is conducted four times a year to provide estimates
as of December 1, March 1, June 1, and September 1, The multiple-frame cattle survey
is conducted biannually to provide estimates as of January 1 and July 1. The screen-
ing estimator (equation 4) is used for all estimates.

SOURCES OF NONSAMPLING ERRORS

Nonsampling errors are difficult to measure because of the number of different
kinds of error and the frequency at which a particular source of error occurs (a
single source of error may take on the attributes of a rare item). In many instances,
the sample size for a research study would have to be larger than the operational
sample in order to obtain statistics that are significantly different. Such large
sample sizes for research purposes are not practical in most cases. Therefore, the
bulk of the studies have found differences which are not statistically significant.
However, this report will include those differences whether they tested significantly
different or not. Statistically significant differences have been so designated.

The nonsampling errors can have either a positive or a negative effect upon the
estimator and, as a result, may have a balancing or compensating effect. One must
proceed carefully in implementing changes; if the compensating nature of the errors is
changed, an estimate with greater bias than before making the change mav be obtained.

Multiple-frame surveys use two or more sampling frames. A multiple-frame estima-
tor usually has more potential for nonsampling error than a single-frame estimator. A
resulting estimator generally will have the nonsampling error, peculiar to each of
the frames, as well as errors that may result in combining estimates for two or more
frames. The sum of nonsampling errors could have a net effect less than any of the
single frames due to balancing, or, in total, they could have a greater error. Nonsam-
pling errors can arise from the area frame (v,), from the list frame (yba)’ and from
the overlap domain (y,p) (shown in equation 3).

Questionnaire and Survey Concepts

The wording of questions to obtain needed information and ensure that the respon-
dent understands the prevailing survey concepts has always been a matter of great
concern. Howard T. Hovde sampled a group of experts in 1936 to find out what they

considered the principle defects of research (16). The experts' most frequently men-
tioned criticisms were:



Improperly worded questionnaires Chopereent

Faulty int=rpretation SR percent
Inadequacy of samples 2 opercent
Improper statistical methods 44 vercent

S. A. Stouffer arrived at nearly the same conclusions in 1950 (20). He found
that error or bias attributed ro sampling methods and questionnaire administration
were relatively small when compared with errors attributed to different wavs of word-
ing questions—--prompting the query, "1f questionnaire wording is so important, why
hasn't a questionnaire prepare: done more to advance his phase of research?"” One
investigator suggested that a questionnaire preparer just o esn't exist---at least as
a specialist: '"The statistician is the only one among us wlo has a specialtv. All
the rest of the work comes under the jurisdiction of a jack-+{-all trades. This man's
job is to develop a questionnaire, pretest and revise it, hrive it printed, select,
train and supervise the interiiewers conducting a survev, nalvee the results, write
the report and present his fincings (19)."

One might ask why questior wording is so Important. A questionnaire has several
concepts to develop in additior to the data requirements {.r multiple-frame methodol-
ogy. A questionnaire must nrovide information that will allow proper asscociation of
reporting and sampling units, cverlap and nonoverlap determination, weights for the
weighted estimator, and the hasic information for the item of interest. The sample
unit from the list domain is normally a name and address t: -n the list, while the

reporting unit from both the area and list frame is the cperated land and the live-
stock on that land at the time of the interview. The associition is established when
the respondent is asked by phone, mail, or personal interview to report land owned,

rented, or managed and land rented or leased to others. L.an' rquestions mav be asked
in a slightly different manner, depending upon the frame from which the respondent is
obtained. Once the land area of the operating unit has bocn Jdefined, the respondent

is asked to report the total number of cattle and calves (hoes and nigs) on that land,
regardless of ownership.

A 1974 study by William F. Kelly found interviewers considered the section of the
questionnaire on acres owned to bhe one of the most difficnlt sections to complete and
needed the most explanation to respondents (18). That stuadv indicated that a fourth
of the enumerators did not read the questions as printed on - he questionnaire.

A study conducted the same vear by Fred Vogel in Wvoming indicated that question-
naires obtained by mail required editing more frequentlv than those obtained by other
methods (gﬁ). Bosecker and Kellvy made a number of observations in a 1975 study con-
ducted in Nebraska (3). They noted that the respondent’'s pitural inclination was to
report livestock on an ownershi» basis with no regard to where the livestock were
located. Many of the errors found in that study were associnted with cattle on a fee-

per-head basis. They also noted that respondents failed e make the connection between
the acres reported and the number of head and livestock rioyiidless of the placement of
the land questions. Bosecker and Kelly found the intervicw.r was the deciding factor
on whether the respondent consistently adhered to the surver concept. A 1975 study in
Kansas by Barry Ford tested th. impact of establishing the livestock inventory prior to
asking land questions (11). Ferd found that moving the land questions to the end of
the questionnaire increased th: response rate, but failed t. miuke 2 test of signifi-

cance in livestock inventorv because the power of the test wis toe low due to an
inadequate sample size. He cautioned, however, that the truae value calculated from the
data was high enough to be alaruing.

All the aforementioned studies point to the difficulty o7 using questions relating
to land for the purpose of associating the reporting unit and the sampling unit. At
best, this can have a very sericus impact on the resulting estimate, since a failure of
properly associating the reporting and sampling units will rreate nonsampling errors
that affect the resulting estimate to the extent theyv are not self-balancing.



For another example of the use of the questionnaire to establish survey concepts,
consider the calf-crop question that was dealt with in the Wyoming study by Vogel (24).
The cattle multiple-frame estimate of calf crop is developed from two different report-
ing units. The reporting unit for the expected calf crop is cows and heifers which are
expected to calve before December 31 on the operated land. Meantime, the reporting
unit for calves already born 1s all calves born since January | on the land now oper-
ated. Considerable editing was required on the Wyoming questionnaires.

Nonsampling error could be created when each questionnaire is edited for consis-
tency between sections when all data in a single questionnaire do not need to be
consistent due to the use of two different reporting units. Table 1 shows the impact
of editing for consistency on the survey estimates. The amount of editing on some
questions resulted in changing the level of cattle and calves by an amount two or
three times greater than the error caused by sampling. This amount of editing is
cause for alarm in that it clearlv shows a breakdown in the survey process.

A study in Ohio and Wisconsin by Hill and Rockwell further attempted to investi-~
gate survey concepts and the association of the reporting and sampling units (14).
A  test questionnaire was developed which essentially utilized more detail in screen-

Table 1--Effect of editing actions on survey estimates, Wyoming cattle and calf
multiple-frame survey, July 1974 1/

Percentage change in
estimates resulting
from edit 2/

Livestock and
questionnaire version

Relative sampling
errors of final data

Percent
Calves born and still on ranch:
Operational : +3.8 4.2
Text : -5 3.3
Average : +1.5 2.6
Total calves born: :
Operational : +2.5 4.1
Test : +2.3 3.4
Average : +2.4 2.6
Cows and heifers expected to calve:
Operational : -32.8 13.2
Test : -28.2 10.4
Average : -28.0 8.4
Calves weighing less than 500 pounds:
Operational : +10.1 4.0
Test : +10.9 3.4
Average : +10.5 2.6
Total cattle and calves: :
Operational : +6.3 3.6
Test : +8.6 3.1

Average : +7.5 2.4

1/ Does not include data from extreme operators or the nonoverlap domain.
2/ Percentage change = edited value % original value.



ing questions. The Ohio test questionnaire produced signifi-antly higher estimates
(20-percent increase in total hog inventory), while the results differed little in
Wisconsin. The authors notced that the completion rate for thwe test questionnaire sub-
stantially differed between States—-~-70 percent for the test gquestionnaire versus 90
percent for the operational guestionnaire in Wisconsin, while both versions neared 80
percent in Ohio. The possible reason for the difference ir the results points to re-
spondents who received the operational questionnaire in Ohio and previously had bheen
contacted twice producing a conditioning effect.

The same study attempted to determine the net effect of editing to make data

conform to survey concepts. A second edit or review was cemileted and a resulting es-
timate comparing the second edit to another questionnaire chtained on a reinterview
caused a reduction of approvimately 6 percent of the estimates for both the operational

and test questionnaires in both States. The proration of the partnership data
serves as the primary reason tor the edit changes.

Domain Determination

One of the most critical procedures in multiple-frame cutimation is domain deter-—

mination. Since the area framc is a complete frame, the overlap between the two [rames
is identified by determining whether each reporting unit tound in the area sample could
also have been selected fronm the list frame. Again, the sanling unit for area frame
is a piece of land, and a name and address for the list frame. Since one cannot match
pieces of land with names, it i3 necessary to associate a name and address with the
land for a reporting unit for cach sampling unit (segment). verlap between the two

frames is then determined bv mazching names associated with their respective reporting
unit. This becomes extremelv difficult with joint farming operations. The use of
nicknames, nonperson names, names primarily generated for leial purposes, and minimal
address information all add to -he difficulties of matching .wcurately via the use of
names and addresses.

Some of the earliest studies noted difficulties with dywain determination. A 1965
Mississippi study evaluated Agricultural Stabilization and flonservation Service lists
as a sampling frame, and investigated use of multiple-frare mrvevs to obtain unbiased

estimates for crops (23). The report stated, "Results of this study indicate that

many of the list units enumerated in the area sample cculd not be identified and led to
substantial biases in the multiple-frame estimates. This hi:is mav be larger than the
reduction in variance realized ‘or multiple-frame estimatcs when compared with direct-

expansion estimates from the areca sample.”

List frames are updated once or twice a yvear. The area frame is required to
estimate the incompleteness of he list frames; hence, the twe frames must be kept
independent. Knowledge of the existence of the unit in the ~rea sample cannot he used
to update the list. The name-matching procedure must be without error, and the frames
must be kept independent for the estimates to remain unbiasec during the process of
domain determination. Resulting estimates will be biascd t v the extent that either of

these factors fail.

The loss of independence i3, perhaps, one of the wmost Jditficult biases to control.
This loss is probably caused hv each field office being responsible for conducting the
surveys, determining domairn, and updating lists. Office per-onnel spend a substantial
amount of time working with lists and the area samples; therofore, the domain-determi-
nation procedures are somewhat subjective; with dailv knowledve of list frames and
area samples, independence is 1lmost impossible to maintain. Past studies have indi-
cated that the frames are not kept independent. The ratio n' list overlap estimate
for domain ab to area overlap for the same domain reaches 1N% to 110 percent, when
multiple-frame estimation is first instituted. The ratic decreases to 85 to 90 percent



after about 3 years of operation in a particular State or group of States. The down-
ward movement of this ratio would lead one to suspect nonindependence.

The nonoverlap classification was observed by the length of time area-sampling
units had been in use in a 1975 report (10). The area-frame sample was replicated and
the replications utilized in an annual rotation program in those States. This proce-
dure of sampling permitted study of the effect of time on domain determination. The
percentage of tracts classified as nonoverlap declined significantly the longer the
samples remained in area frame without rotation:

Number of years Percentage of Standard error
State in sample tracts classified of percentage
as nonoverlap

Number = = ——mem—emmme—— Percent ———————————-——-
Nebraska 1 20.7 0.5
14.8 .5
3 12.7 .2
Missouri 1 22.0 .7
18.3 5

There was a dramatic downward trend in the nonoverlap estimates of hogs and cattle
in Nebraska and hogs in Missouri. The standard errors of the nonoverlap estimates be-
came so large, however, that the test of significance had no power. The report stated,
""Obviously, the rotation group effect in nonoverlap percentages is a serious matter.

It is not the application of the area-frame methodology that is called into question,
but the application of the multiple~frame methodology. Was the list frame changed be-
cause of information from the area-frame sample, or was information accumulated over
the years that indicated the correct nonoverlap classification? 1In either case, there
is a problem with the nonoverlap classification procedures."

Another analysis explored the June 1973 Hog Survey (17). The list sample com-
prised over 95 percent of the population in that study. The analyst indicated that
there could be a problem with domain determination: '"The analysis of the June survey
produced evidence that the area sample and the list sample were not estimating the
same quantity. Such a situation could arise because of differing field procedures or
because of errors in constructing the list or in identifying the overlap domain."

Further evidence that nonsampling errors are prevalent in domain determination
may be gleaned from a 1974 report by Vogel and Bosecker (25). The following excerpts
point out some of the detected errors that arose from operational procedures:

1. The name, originally coded overlap, was sometimes difficult to find on
reexamination of the list. Nearly every State identified some errors
resulting in additional nonoverlap tracts.

2. After a set of tracts was determined to be nonoverlap, some were not
processed due to various reasons, mainly oversights,



3. The sampling frame nsed to identifv nonoverlip wi- different from the
sample frame from which the list sample was selorted.  For example,
the alpha printont ol the list frame contained 1 umes that did not have
a chance to be selected bv the sample select pro, .

4. Data were included for extreme operators in the arva frame which should
have been edited out.

5. Nonsampling error- detected in this analvsis reduced the ditference in
levels of the multiple-frame and arca-frame cestinates by lowering the
area~frame estimates and raising the multiple=trame estimates.

A 1977 report noted problems of joint operations when cxamined bv a second edit
determination (l4). The purpose of the second edit was ‘o cnsure all concepts and
overlap procedures had been followed correctlv. The secondt it results were then
compared te reinterview questionnaires. The studyv found tat A0 percent of all
differences involved partnership arrangements. The major problem was determining if a
partnership really existed or if it was an individually oper.ted business. Depending
on the determination of the actual tenureship, the current nartial nonoverlap procoedure
may be seriously affected (the partial nonoverlap procedonre “elies on prorating the
data to the nonoverlap and the overlap domains based on the number of chances the units
had of being selected on the Iist frame). The differcoces 1ound due to partnerships
are shown in figure 2.

Figure 2: Summary of differences due to partnerships
regardless of State or questionnaire vorsion

Number of

differences Reasons
17 Second-edit interpretation was individual operation: reinterview

interpretation was father-son partnership.

13 Second-edit interpretation was father—-son ;-irtnership: reinterview
interpretation was individual operation.

8 Second-edit interpretation was a partnershio other than a father-son
partnership: rejnterview interpretation v individual operation.
5 Second-edit interpretation was individual operation; reinterview

interpretation was a partnership other (hon a father-son partnership.

3 Selected combhination of individuals does not operate land.
2 Change in number of partners from 2 to more than 2.
48 Total

The differences found in that study involved with nonpartnerships centered on the
survev concept of obtaining livestock on the operated laund revardless of ownership.
Those differences follow:
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Figure 3: Summary of differences due to nonpartnerships
regardless of State or questlonnaire version

Number of
differences Reasons
7 Failed to report hogs owned by someone else on his operated acres.
7 Additional hogs reported that were owned; reason hogs omitted from
original report is unknown.
5 Included land rented out; hogs were on this land.
3 Reported breeding hogs, but left out feeder pigs.
3 Reason for difference is unknown.
2 Some hogs were temporarily on the father's operation, but all re-
ported originally.
27 Total

A study conducted in 1976 evaluated alternative domain-determination methods with
mounting evidence that nonsampling errors were prevalent there. Three different meth-
ods of domain determination were compared to the current partial nonoverlap procedure,
which was implemented for the December 1971 Multiple-Frame Survey. The primary purpose
of implementing the partial nonoverlap procedure was to minimize the effect of partner-
ship and corporate farm operations on resulting sampling errors.

Again, the partial nonoverlap procedure relies on prorating the data to the over-
lap and nonoverlap domains based on the number of chances the units have had of being
selected on the list frame. The methods differ onlv in the manner by which a name is
associated with a unit of land. Specificallv, variations in the four tested methods
dealt mainly with the handling of joint operations; this was not duplicated on the list
because all procedures were essentially the same for the name of an individual opera-
tor. Alternatives TIA and IIB differed only slightly from each other. They differed
to a greater extent from the current procedure and required no proration of data to
different domains. Alternative ITI eliminated proration of joint operation data. All
partnership or corporate data were represented entirely bv a single list frame sampling
unit (name), or the partnership was edited entirely to the nonoverlap domain. A more
detailed description of the four procedures may be found in the report, "An Evaluation
of Alternative Methods of Overlap Determination (26)."

The study results are presented in table 2 as a percentage of the current proced-
ure (partial nonoverlap). Analysis of the tabular data shows that substantial differ-
ences in the resulting estimates may be brought about by changing procedures. Use of
a different procedure changed the level of the estimates as much as 5 to 6 percent in
some States. Procedure II seems to have been the simplest procedure because it re-
quired the fewest assumptions and the least amount of knowledge about the joint opera-
tion. It was also the procedure mostly used prior to to December 1971 when the current
partial nonoverlap procedure was instituted. The relative sampling errors show the
partial nonoverlap procedure did not reduce the sampling error (comparisons of current
versus alternative II1).

11



Table 2--Multiple-frame survey cattle and hog estimates based on alternative nonoverlap
procedures as a percentage of estimates from the current procedure, June 1975 l/

Procedure :Illinois : Iowa :Kentucky : Idaho : Minn. : Ohio : Total
Percent
Cattle and
calves:
Current : 100.0 100.0 100.0 100.0 100,90 100.0 100.0
: (3.6) (3.3) (3.6) (3.5) (3.8) (6.7) (1.7)
Alt, IIA : 100.7 99.3 100.5 100.8 98. 1 100.3 99.7
o (3.5) (3.3) (3.6) (3.4) (3.6) (6.7) (1.6)
Alt, IIB : 101.1 98.9 100.3 101.1 98.2 99.6
: (3.5) (3.3) (3.6) (3.4 (4.5 (1.6)
Alt., IIT : 99.3 101.3 100.7 99.3 100.7 101.2 100.6
T (3.9) (3.7) (3.8) (4.0) (4.4 (6.9) (1.8)
Hogs and
pigs:
Current : 100.0 100.0 100.0 - 100.0 100.0 100.0
: (6.6) (3.6) (8.1) - (6.4) (7.0) (2.7)
Alt. ITIA : 101.1 98.5 104.0 - 102,13 98.4 99.6
: (6.4) (3.6) (9.0) - (6.3 (6.4) (2.7)
Alt. IIB . 100.4 38.6 103.7 - 1024 - 99.8
: (6.4) (3.6) (9.0) - (A3 - (2.8)
Alt. III : 98.5 105.3 94.1 - 98.1 99.6 101.9
: (7.1) (4.3) (8.2) - (A.H) (9.0) (3.1)

-~ = Not applicable.
1/ Survey estimates for the current procedure are after . detailed review. Rela-
tive sampling errors appear in parentheses.

The report concluded: 'Comparisons of Multiple-Frame Survey estimates of total
cattle and total hogs on a state by state basis are not incensistent with the theoreti-
cal proposition that each alternative nonoverlap procedure wi®l yield the same results.
When the state estimates are added together, the similarities are even more striking.
Therefore, the choice among the alternative procedures should bhe based on ease of data
collection and degree of nonsampling error."

It appears there 1is ample evidence that nonsampling errors are associated with
domain determination, a very critical part of multiple-frame c¢stimation. Nonsampling
errors arising from domain determination normally may be reparded as an addition to any
of the nonsampling errors associated with either an area or a Jist frame. It is safe to
assume that the magnitude of errors arising from domain determination are positivelv
correlated with the proporticn o° the universe covered by the list frame.
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Size of List and Proportion to Sample

The purpose of multiple-frame cattle and hog surveys is to use a list as an
efficient means of obtaining a desired sampling error and an unbiased estimate for the
population of interest. 1t is generally more efficient to use a list of at least the
larger operations in multiple-frame sampling to achieve a given sampling error rather
than increasing the sample size drawn from the area sampling frame without knowledge
of the location of large operators. The question becomes "How much of the universe
should you attempt to cover with a list sample (how large should domain ab in figure 1
be)?"

The agency first had a policv of making the list as complete as possible and sam-
pling the entire list using the extreme operator units. Over time, a rule of thumb was
developed that the 1ist should cover 90 percent of the item of interest for the
multiple-frame cattle and hog surveys.

Throughout the history of the multiple-frame program, the contribution to the
sampling error and the resulting estimates attributable to the area nonoverlap (domain
a in figure 1) have been larger than desirable based on this approach. The area non-
overlap contributed about 20 percent of the estimate and 60 percent of its variability.
Little, if any, success has been achieved in reducing contributions of the area non-
overlap either in level or variability regardless of the amount of effort placed on
improving the list frame. This phenomenon can only be explained by recognizing what 1is
taking place in the area frame. The item of interest becomes an increasingly rare item
in the nonoverlap domain of the area frame as the list is made more complete and sam-
pled in its entirety. The area nonoverlap estimator becomes less efficient as the
item becomes rarer. Thus, the net result of increased resources spent for list im-
provement coupled with sampling the resulting list in its entirety are largely negated
by decreasing eftficiency in the area nonoverlap domain.

Why the concern about the portion of the list frame that is sampled for multiple-
frame purpeses? The sample can be optimally allocated to the various domains based
upon cost and variabilitv with proper statistical techniques. However, nonsampling
error may arise as a result of multiple-frame estimation. For multiple-frame estima-
tion to be unbiased, both domain estimates and domain determination must be unbiased.
Domain determination decides in which domain each sampling unit should be placed. Each
improperlv classified unit will contribute to bias of the estimate.

Starting in 1974, a series of studies were conducted to determine the optimum mix
of area and list frames (the optimum size of domain ab). The analvses sought to de-
termine if the size of domain ab could be reduced without seriously affecting the
sampling error, and thereby reduce the impact of nonsampling errors associated with
domain determination.

A 1974 project provided results of an analysis of the 1973 Nebraska June Survey
data (1). The analvsis compared the respondents from the area-frame sample to those
from the list frame. The list~frame strata codes were placed on the area-frame record
for those whose names matched; summarization was then completed sequentially by drop-
ping list-frame strata and enlarging area-frame nonoverlap. The study showed that by
not sampling the strata with unknown, zero, or a small number for control from the list
frame, the relative sampling error for the hog estimates would increase from 4.2 to 4.3
percent. The list universe and sample sizes would decrease from 54,193 to 24,877 and
1,748 to 1,286, respectivelv. The authors noted that the reduction in the size of the
list frame would allow more time for duplication removal, identification and handling
of joint arrangements, identification of overlap tracts, and detection of nonsampling
errors. Thev specifically noted types of nonsampling errors, and that the magnitude of
the nonsampling error would be reduced by sampling a smaller portion of the list frame.
These nonsampling errors will be discussed elsewhere in this report.
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Subsequently, the analvsis was enlarged to four additional States for hogs and
eight States for cattle and published in May 1974 (25). Tlre results of the expanded
analyses were gquite similar to those found earlier in Nebraska.

The impact on the
relative sampling error for the universe and sample sizes show:

. Cattle Hogs
Iten : — : e
Relative . Sample | Relative | Sample
. sampling 'Population’ size . sampling 'Population’ size

error ’ : ‘' error ’ :
Percent = -—=——= Number-———- Percent  ——=—- Number—--—----

Entire list : 1.8 498,000 12,601 3.0 421,094 8,660

Zero and

small-size

strata :

deleted : 1.9 78,000 5,538 3.6 78,015 4,375

A major conclusion of that analysis states ''the relatively small decrease in sam-
pling error obtained in the multiple-frame estimate by allocating 50 percent of the
hog sample and 56 percent of the cattle sample to the zero or small-size group list

strata is not providing a hetter estimate to the extent expected from the increased
sample size."

The two preceding analvses were conducted using 1973 data. The analvsis pro-
ceeded again on 1974 data to determine if the results would he consistent. This
analysis included 12 States for cattle and four States for hogs (27). Again, the
list frame and its resulting sample could be rather sharply reduced without substan-
tially affecting the resulting estimate and its variance. The researchers proposed
reducing the frame by varving degrees in the results. Thev proposed modified A and
B procedures. Differences between the modified A and B prorsedures became the strata
to be deleted from the list frame. Modified A was the most conservative approach, and
consisted generallv of dropping only the strata with a zero or unknown classification,
while B extended the list strata to be dropped to those classified as having a posi-

tive but relatively small number of cattle or hogs. Resulte of that analysis show:

Cattle f Hogs
Item . : : : R :
Relative | - Sample | Relative | ©  Sample
© sampling ’Population’ size . sampling 'Population’ size
error : : . error ’ ’
Percent = -—---- Number ———~- Percent = ——-—- Number-----
Entire list : 1.28 836,766 20,838 3.6 472,412 7,271
Reduced-- :
Modified A : 1.23 522,597 16,800 3.8 165,108 3,854
Reduced-- :
Modified B : 1.31 219,670 12,011 4.6 36,021 2,182
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The report made the following recommendations: (1) the entire list frame should
not he sampled for a given species, (2) in several States, even strata with small
control should not be sampled, (3) a more efficient (costs versus relative sampling
error) multiple-frame estimate will be obtained if smaller portions of the list frame
are used for sampling purposes, (4) the levels of the estimates are not affected by
sampling smaller portions of the list frame, and (5) the qualityv of the list frame
needs to be improved considerably to achieve gains over the area-frame sample.

The area—frame survey is conducted in June and December. Thus, the area-frame
data contribution to the multiple-frame program can be considered "free' for the June
and December hog estimates and the January and Julv cattle estimates because the in-
formation would be collected in the enumerative survey regardless of a multiple-frame
program. For the March and September hog surveys, a larger sample of the area nonover-
lap would he required if the reduced list concept were made operational. A USDA study
set out to determine the impact of the reduced list concept for the annual series of
estimates, since the earlier analysis only considered the .June cattle and hog sur-
vevs (27).

An additional sample of 200 nonoverlap tracts was selected to revlace the zero
and unknown strata dropped from the list frame for the March and September surveys.
The study was conducted in four States for both cattle and hogs. The basic results of
the study follow in table 3.

Table 3--Four-State study: Reduced list compared to current procedures
for annual series of estimates

Item f Relative f Population f Sample
sampling error : size
Percent = ——-—-—-———-—- Number————=-———---

Cattle:

Current procedure

July 1.8 343,563 6,598
January 1.7 340,765 6,783
Reduced list :

July : 1.7 177,838 4,977
January : 1.8 186,873 5,063

Hogc:

Current procedure
June and September 2.6, 2.8 343,563 7,083
December and March 3.2, 3.4 340,765 7,434

Reduced list
June and September 3.1, 3.6 65,599 4,537
December and March 3.2, 3.4 55,961 4,971
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multiple-frame estimator would be utilized in place of or 1in addition to the screen-
ing estimator for the June and December multiple-frame surveys.

Why should there be concern about the choice of the screening or the full multi-
ple-frame estimator in relation to nonsampling errors? To answer this question, one
should also consider the errors arising from domain determination. Bias caused by im-
proper domain determination is offset conceptually in the other frame. In other words,
if the area-frame nonoverlap estimate is biased downwards by classifying certain area-
frame respondents as overlap, when in truth they were not represented on the list
frame, then the area overlap estimate would be biased upwards. Thus, the full multiple-
frame estimator would reduce the impact of nonsampling errors in domain determination.

One of the reasons for choosing the screening estimator has been that the variance
of the area overlap was of sufficient magnitude that any gains in efficiency from the
use of the added information of the area frame have been largely negated. The nonover-
lap portion of the estimate has contributed disproportionately to the variance of the
resulting estimate. Recall the discussion of the nature of the variance of the non-
overlap under "Size of List and Proportion to Sample.'" The high variance of the
of the nonoverlap estimate was caused by the sampling procedure which forced the occur-
rence of nonoverlap in the area frame to be a rare item by striving to have as complete
a list frame as possible and sampling the entire list.

Researchers examined other estimators of the nonoverlap domain to obtain a more
efficient multiple-frame estimator (2). They extended the full multiple-frame esti-
mator to a stratum-by-stratum combination of estimates from two frames. Each area-
frame respondent was coded according to the list-frame size group for each overlap
respondent to obtain the estimator. Table 4 presents the results of this analysis.

Table 4--Multiple-frame livestock estimates using alternative estimators, June 1974

Hogs f Cattle
Multiple-~ : :
fFame ' Estimate & Standard ° Relative : po\inate © Standard f Relative
estimator : : : sampling : : : sampling
error error
: error : : : error
tm———— 1,000 head——--- Percent  ----- 1,000 head---—- Percent
State A:
}A (area) : 3,540.6 378.0 10.7 8,597.0 436.3 5.1
;I (screening) = 3,409.1 205.2 6.0 7,660.2 228.7 3.0
§H (Hartley) : 3,411.8 204.9 6.0 7,822.7 215.0 2.8
}S (strata) " 3,395.6 202.3 5.9 7,895.7 209.0 2.6
State B:
y, (area) ©1,301.3 177.4 13.6 3,615.4 231.4 6.4
91 (screening) : 1,299.9 106.6 8.4 4,188.9 149.6 3.6
§H (Hartley) ‘1,300, 104.4 8.0 4,067.1 139.5 3.4
}S (strata) < 1,265.4 92.0 7.3 3,952.2 128.6 2.3
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The analvsis shows tlat the application ¢f Hartlev's estimator on either basis is
more efficient. This is especially evident in State B because both the hog ard cattle
standard errors dropped lower than the screening estimator. Other studies have shown
that additional gains in vificiency could be made in the nonoverlap estimate by uti-
lizing the land-use stratitfication inherent in the area frame of the nonoverlap
variance calculation (25). The report also noted that the major portion of the reduc-
tion realized in the strata estimator was obtained in the larger size livestock strata,
and that only a minimal reduction occurred in the zero or smaller livestock strata,

The reduced 1list concept coull be utilized, and most of the gain from the strata esti-
mator retained.

Again, the weighted vstimator for the nonoverlap domain is utilized in the current
program. The weights are hased upon the proportion of the land area of the farm

inside a segment to the land area of the entire farm. The condition required for the
weighted estimate to be unbiased states that the sum of the weights equals one.

However, a biased estimate results if the weight is not properly reported and/or
calculated.

Generally, experience has shown that one of the more 1ifficult reporting items for
farms is the total land o" the farming operation. Consequently, a December 1977 studv
investigated the use of the weighted segment estimator (15). A sample of the respon-—
dents was reinterviewed in three States for the December FPnumerative Survev (DES) in an
attempt to obtain better land data for weighting purvoses. The report indicated dif-
ficulty with the weighted estimate and stated, "In all three States there was a
significant downward bias in number of farm acres report.d in the 1976 DES. This
understatement of farm acres caused the weights (tract acres/farm acres) to be signifi-
cantly too large. Therefore, even if the number of livestock was reported perfectly,
the weighted livestock indi.cstions were subject to an upward hias." The extent of the
bias, where the direct exnancion of the reinterview data was compared with the original
December expansions, appears in table 5.

Table 5--Roconciled data direct expansion as a percent of
Yeember Enumerative Survey expansion

Item i [ndiana anrth Carolina f Jklahoma f Total
Percent

Farm acres 1/ ; 1n3 111 105 106

Farm cattle 1/ ; 102 107 97 99

Farm hogs 1/ i 96 99 103 98

Tract hogs 2/ ; 173 122 102 109

1/ Open segment estimator.

2/ Closed segment estimaor.

The table presents results {or farm acres, cattle, and hoys. However, of particular
interest to the weighted estimate is the level of farm acres. The corrected farm
acreage data ranged from 3 to 1l percent above the original survev indications. Since

the weighted indications are obtained by the formula (acres in the segment * total
farm acres) x (farm livestock), one can observe that th: bias of total farm acres
results in a bias in the weizhted livestock estimate. Thus, in this study, the weight-

ed estimate has a built-in upward source of bhias.

18



The differences in farm acreage were summarized by specific causes. The reasons
for the difference were as follows:

Figure 4: Number of differences (DES versus Reconciled)
in entire farm acres by reason

Reason Three States combined

REPORTED FARM ACRES TOO L.OW IN DES
Acreage was estimated
Miscounted acreage, left some out
Entire parcel left out - idleland or woodland
Failed to report land rented from others
Failed to report land not in use
Attributed to a different respondent
Omitted entire farm acres
Split tract not picked up
Don't know
Misunderstood questions
Entire parcel left out - pasture
Failed to report land in a separate location
Left out operated land owned by family members
Didn't remember first interview
Land was to be sold in the near future

—_ e = NN
WO = w o~

NN N WV O

REPORTED FARM ACRES TOO HIGH IN DES
Acreage was estimated
Included land rented out
Included public land
Attributed to a different respondent
Split tract not picked up
Miscounted acreage, included too much
Don't know
Included land operated by family members
Misunderstood questions
Included land in a different business arrangement
Tncluded entire parcel of nonoperated idleland or woodland
Didn't remember first interview
Miscellaneous

— =
MNN WPV O W

Total 232

Reductions in the sampling error by using the weighted estimate for nonoverlap
domain may be offset by nonsampling errors if the information used to calculate
weights cannot be collected accurately.

There are several estimators available and each can serve a valuable function,
The screening estimator has the advantage of eliminating the need to collect data from
the area overlap domain (domain ab). The weighted estimate allows for telephone and
mail data collection procedures, while the tract would require personal interview and
thus be more expensive. Use of the full multiple-frame estimators will minimize the
impact of nonsampling errors arising from domain determination. It also will provide
a check on nonsampling errors associated with the screening and weighted estimators.

The following tabular array shows the types of estimation available without addi-
tional data collection:
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Cattle X Hogs

Estimator 1/

Jan . July | Dec C March | June | Sept
Screening estimator : * * * * * *
Hartley's estimator : * * * %
Stratified estimator : * * * *
1/ FEach of these should be calculated on a weighted and tract basis with

the exception of the March and September hog survevs, where onlv the weighted
estimate is used for the screening estimator.

Nonresponse and Data Imputation

A concerted effort was initiated to research data imputation procedures for miss-
ing records in 1976. A missinpg record procedure may be thought of as an imputation or
an estimation procedure. The missing record procedure mav he applied to the estimator
or to each questionnaire. The current procedure for missing records assumes the dis-
tribution of the item of interest for respondents is the same as for nonrespondents.
This assumption works reasonablv well when the distributions are the same or very simi-
lar. A bias in the resulting estimate occurs when thev are vrot the same.

One would suspect the bias would be negative, because mcst experience and studies
have shown that the nonrespondents are generally larger operators in terms of the items
of interest than the respondent. One also might suspect that the proportion of the
sample reporting a zero amount of the item of interest also would be smaller for the
nonrespondents, since the participation rate for those havin, a zero amount of the
item of interest is generallv higher. Both of these factors contribute to the bias
previously mentioned.

ESCS experience shows over the past several vears that the nonresponse problem is

greater in the list frame as opposed to the area frame. The area-frame nonresponse
rate ranges between 2 and 10 percent, while the list frame is substantiallv larger.

The nonresponse rate has been pradually increasing in recent vears., Other efforts have
been used in public relations and various surveyv procedires to counteract increasing
nonresponse. These efforts, however, have not been successiul to data in reversing

the upward trend. The size of the control variable increascs with the numerical de-

signation of the strata (table 6). The data show that the nonresponse problem is
greater in the stratum with larger control numbers.

A preliminary report titled "Missing Data Procedures: & Comparative Studv' inves-
tigated six missing record procedures: a double-sampling ratio procedure; a double-
sampling regression procedure; and four variants of a hot deck procedure (8). The
analysis showed no significant differences in the resulfing means from having used each
of the six procedures. The research found that each of the procedures reduced the
relative bias that would have resulted with the assumption thait the mean of the respon-
dents was equivalent to the mean of the nonrespondents; thi- reduction was made bv more
fully utilizing the control data. The reduction in relative nias among the procedures
ranged from 8 to 26 percent. The large reduction in relative hias would have heen
achieved if an auxiliary variahble with higher correlation wer. available.

Research continued on the missing record problem, and & -equel in June 1978 was
published (9). The ratio, regression, and hot deck procedurc: again were analvzed. A
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Table 6--Nonresponse rates by selected stratum for five Midwestern States,
June 1978 multiple~frame hog survey

Stratum f 1 f 2 f 3 f 4 f 5
Percent

1 ; 10 17 15 13 6
2 ; 14 . 8 26 12 7
3 ; 25 23 34 27 13
4 ; 28 23 33 38 20
5 i 23 28 34 39 22
6 ; 29 32 22 39 26

balanced repeated replication design was integrated into each missing data procedure to
compensate for the underestimate of the variance by the hot deck procedures found
earlier. This procedure then provided unbiased estimates of the variance for all im-
putation procedures. A major conclusion shows that the auxiliary variables or control
data were rather poorly correlated with the item of interest. Most of the livestock
data show that the correlation with control, while it varies from State to State, is
normally about 0.3 or less while analysis by the previous study indicated the correla-
tion should be approximately 0.6 or more before any of the missing record procedures
would make a significant improvement over the operational procedure of substituting

the mean of the respondents for nonrespondents. The previous study recommended that

if a missing record procedure were to be implemented under present conditions it should
be a ratio procedure, a hot deck procedure using balanced repeated replications, or

the hot deck procedure without replication.

Again, the need for obtaining better control data is noted in a 1978 working
paper (7). The working paper made the following recommendations: (1) monitor the
quality of control or auxiliary data, (2) examine methods used in constructing control
variables, and (3) reevaluate the number of list strata.

The preceding analyses of various imputation procedures for missing records con-
cluded that the current procedures could not be improved unless auxiliary or control
variables were improved. Having reached this conclusion, additional work was directed
at measuring and/or minimizing the downward relative bias caused by nonrespondents.

A study was developed to test the assumption that the mean of the nonrespondents
differed from the mean of the respondents. The January and July 1977 Cattle Surveys
in Colorado and the June and September Hog Surveys in Minnesota and Nebraska formed
the basis for this study. The procedure identified the refusals and then employed
specially selected enumerators in an all-out effort to convert these refusals during
the survey period. Nonrespondent means could be estimated for those who only report in
one of the surveys as a separate domain. The work was restricted to the list respon-
dents in smaller size list strata.

The results appear in a 1978 study (12). Two major results highlight the study.

The first is that the relative bias generally ranged from about 2 to 5 percent. Second,
while the efforts to convert refusals from the previous survey were successful---ranging
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from 40 to 50 percent converted--—the vverall refusal rate changed verv little. This
leads one to suspect that refunsals are dircetlyv related ¢ the qualifv of enumerators.
The authors also noted, "Multiple-frame livestock estimare . are generallv biased down-
ward because nonrespondent means on the list frame tond = he larger than respondent
means."

A 1978 Nebraska study addressed the objective of iwproving the estimation of non-
respondents by obtaining additional information (6). An c«timator was developed which
would compensate for the ureater proportion of positive renorts in the nonrespondent
group. Interviewers attempted to determine the prescnce v absence of hogs for the

nonrespondents during the survey.

Using a weighted average of the pruportion in ecach stratum, the researcher osti-
mated operations in the population having hogs was 28 noreent amony respondents and
63 percent among nonrespcendents.  The resulting estinat. noved the original list-frame
estimate upwards by nearl. 6 percent. A followup stisdy <towed o 2- to 6-percent down-

ward bias by using the current procedures (5).

The researcher noted, "It would, therefore, scer awre reasonable to identifv posi-
tive nonrespondents in the sample so that their relative intYluence mayv at least be
represented by the mean number of head reported by the respondents. This may still be
only a partial adjustment if rhe mean number of head owned bv nonrespondents should
actually be higher than the respondents' level. However, the first step is feasible
and is recommended for the operational program."”

Finally, the research in nonresponse and data irputstion has shown that there are
feasible methods of reducing the relative bias caused bv wuhstituting respondent means
for nonrespondent means. However, all viable procedure~ rely on high quality control
data. The quality of control data must be improved before anv improved ilmputatinnal
procedures may be adopted. 4An estimator has been developed for now that adjusts for
the differing amounts of zero reports in the respondent and nonrespondent groups. Use
of this estimator would reduce the relative bias and increase the list-frame estimate
of the overlap domain.

CONCLUSION

In 1974 Her Tzai Huang stated, "The analvsis of the Jnne survev produced evidence
that the area sample and list sample were not estimating the same quantity. Such a
situation could arise because of differing field procedures or because of errors in
constructing the list or in identifying the overlap domain (17)." This quotation
perhaps best describes the ESCS experience with multiple-tframe survevs. Research
over the past several years validated his statement for each ot the reasons cited. One
might ask the question, "What can be done to minimize the impact of nonsampling error
for the resulting estimators?!” Adoption of the following :eneral procedures mav prove
helpful:

A, Conduct proper testing before instituting new qoestionnaires or making
major changes in questionnaires or survev procedures.

B. Build an adequate quality control program into tue survev svstem so that
constant monitoring can be accomplished.

C. Minimize procedures that are more susceptible to ronsampling errors.

D. Provide sufficient analysis data along with the eoctimators. This would
lead to an extension of a quality control program.
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E. Include sufficient consistency checks between items within a given
questionnaire as well as between surveys when the respondent is the same.

F. Simplify procedures and/or estimators whenever possible. The complex
survey procedure which does not reduce substantially the sampling error
may have the potential for reducing the value of the resulting estimates.

Multiple-frame sampling subjects one to the errors associated with each of the
frames plus those inherent to multiple-frame sampling. Errors inherent in multiple-
frame estimation are mainly those arising from improper association of the reporting
unit and sampling unit and those caused by domain determination.

Research studies point to difficulties in the current procedure of associating
reporting and sampling units by use of land questions. The respondents' natural in-
clination is to report on an ownership basis. 1Tt is quite possible and, in fact
probable, that the list frame is on an ownership basis while the area frame is on a
land-operated basis, To the extent that this occurs, there is an upward bias in the
resulting multiple-frame estimate. Perhaps, a breakdown of livestock on an ownership
basis needs to be investigated for the area frame.

Studies also show that some of the concepts in the questionnaire are not clearly
understood by respondents. These concepts should be simplified whenever possible.
Not only would such simplifications improve the estimate, but they might also result
in the respondents having a more positive attitude towards crop reporting.

One of the most critical procedures in multiple-frame estimation is domain deter-
mination. The development and use of list frames must be kept independent of the area
frame. There is evidence that strict independence is not always maintained.

The procedures for domain determination are somewhat subjective, and the materials
used in the process are less than adequate. Making the domain-determination procedure
more objective would help reduce these errors. The partial nonoverlap procedure is a
further complication of an already difficult problem and probably requires more in-
formation than is available in the bulk of the list frames utilized.

A relatively simple and straightforward procedure is to limit as far as practical
the portion of the universe covered by the list frame to minimize the impact of non-
sampling errors arising from domain determination. Ideally, the list frame would be
limited to the point where the increase in sampling error is no greater than the de-
crease in nonsampling errors. Studies have shown that gains can be made by using the
"reduced list" concept, even though this point cannot be exactly determined because of
the inability to measure nonsampling errors. Several analyses have been made over the
past several years which show that current procedures of maximizing the impact of the
list frame have been ineffective in improving the accuracy of hog and cattle estimates.
All analyses support the conclusion that the size of the list frame and the number of
sampled strata could be reduced without measurably affecting the sampling error.

Data from the area frame required for the full multiple~frame estimator are avail-
able and in machine media for all but the March and September Hog Survey. Collecting
data from the area frame for the sampled list strata would probably not be cost effec-
tive in March and September. Use of the screening estimator will maximize the errors
associated with domain determination. However, comparison of the full multiple-frame
estimator and the screening estimator will provide a rough measure of the nonsampling
error arising from domain determination. The weighted estimator for area nonoverlap is
subject to error caused by the difficulty respondents have in reporting total land in
farm. It appears that more effort would be advisable in obtaining total land in farm

23



or development of a weight, other than total land. Use of the weighted estimate for
the March and September Hog Sirveys is probably required because of data collection
costs. Nonsampling errors arising from poorly reported totral land may be monitored
bv calculating all estimates » a weighted and tract basis. Further gains in effi-
ciency may be obtained bv the use of adding stratification to the multiple-frame
estimator.

All estimates should be obtained since additional data need not be collected to
utilize the multiple-frame stratified estimators for June and December hog estimates
and Januarv and July cattle estimates. This would provide the commodity experts with
additional indications for their use in arriving at official estimates. The use of
the various estimators would provide a means of analvzing nonsampling errors which come
about from domain determination and may change from one vear to the next. Further
analysis of data should result in a sounder official estimate through the more effec-
tive use of data processing cvapabilities.

Nonresponse is large and growing. Normallv we have been able to control nonre-
sponse in the area frame: however, this is not the case in the list frame. Control
data must be improved before lata imputation procedures . an hecome beneficial. Esti-
mation procedures have been Jloveloped and should be utilized, which allow for a smaller

number of zero reports in comsuting the nonrespondent mean.
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